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PRINTING METHOD, DEVICE, AND 
PROGRAM, COMPUTER-READABLE 

RECORDING MEDIUM, PRINTING DEVICE 
CONTROL PROGRAM AND METHOD, AND 
PRINTING DATA GENERATION DEVICE, 

PROGRAM, AND METHOD 

RELATED APPLICATIONS 

This application claims priority to Japanese Patent Appli 
cation Nos. 2005-074470 ?led Mar. 16, 2005 and 2005 
372135 ?led Dec. 26, 2005 Which are hereby expressly incor 
porated by reference herein in their entirety. 

BACKGROUND 

1. Technical Field 
The present invention relates to a printing method for use 

for image printing by ink droplet discharge as printing by 
inkjet printers, a printing device using the printing method, a 
printing program for exercising control over a printing opera 
tion of the printing device, and a computer-readable record 
ing medium recorded With the printing program. The inven 
tion also relates to a printing device, program, and method, a 
printing data generation device, program, and method, all of 
Which are suitable for a so-called inkjet printing process of 
discharging liquid ink particles of a plurality of colors on a 
printing medium, or a so-called sublimation printing process 
of ink sublimation through heat application using a printing 
head to an ink ribbon coated With a solid ink for attachment to 
a printing medium. 

2. Related Art 
In a previous-type printing method, for pseudo representa 

tion of M tones (M23), e.g., M:64 (tones) using tWo tones 
(binary) of Whether or not to discharge the ink droplets, the 
ink droplets are changed in amount for dot siZe change for 
printing to a printing medium, or a dot is formed by a plurality 
of ink droplets. In the folloWing, such a printing method With 
a pseudo M-tone is referred to as “pseudo multi-tone printing 
method”. 

In Patent Document 1 of a previous printing method asso 
ciated With the pseudo multi-tone printing method (JP-A 
2002-361909), for the aim of achieving even consistency 
betWeen any tWo dots discharged on a printing medium, i.e., 
for making the granularity better, a smaller ink droplet, i.e., 
smaller dot, is discharged betWeen the tWo dots for compli 
ment use. In this method, a plurality of noZZles are disposed in 
several lines along a sub-scanning direction, and these 
noZZles discharge ink droplets for printing. In this con?gura 
tion, the noZZles may be displaced in a main scanning direc 
tion, and the dot-to-dot distance may thus become uneven, 
i.e., a banding problem occurs. For taking measures against 
such a banding problem, the ink droplets are increased in 
amount to make the dots larger, Which are originally formed 
With a relatively Wide dot-to-dot distance so that the uneven 
space becomes seemingly even. 

In Patent Document 2 of another previous printing method 
associated With the pseudo multi-tone printing method (JP 
A-6-191040), When a printing image is of a photo, the image 
is printed With smaller dots for the aim of reproducing the 
photo With high resolution. When a printing image is of letters 
and characters, the image is printed With larger dots for the 
aim of reproducing the letters and characters clearly, i.e., With 
clarity and high contrast. 

The problem With such previous pseudo multi-tone print 
ing methods of changing the dot siZe for pseudo representa 
tion of M tones (M23) is that it takes quite a long time due to 
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2 
the complexity of image processing. This thus results in the 
dif?culty of changing the dot siZe in practical use. 

SUMMARY 

An advantage of some aspects of the invention is to provide 
a printing method, device, program, a computer-readable 
recording medium, printing device control program and 
method, and a printing data generation device, program, and 
method, all of Which enable printing of multi-tone (M tones 
(M23)) images Without making image processing compli 
cated. 

First Aspect 
A ?rst aspect of the invention is directed to a printing 

method that includes: the step of printing an image of a 
plurality of pixels by discharging a plurality of siZe-varying 
ink droplets each corresponding to each of M tones (M23) 
represented by each of the pixels. 

With the printing method of the ?rst aspect, in the printing 
step, an image of a plurality of pixels is printed by discharging 
a plurality of siZe-varying ink droplets each representing a 
tone. This enables to reproduce an image of M tones (M23) 
Without requiring so much time for complex image process 
ing tasks. 

Second Aspect 
According to a printing method of a second aspect, in the 

?rst aspect, the step of correcting is further included to correct 
any of the tones in accordance With a tone curve that serves as 
a criterion for a tone correction, and de?nes a tone relation 
ship in terms of before and after the tone correction. In the 
printing step, the image is printed With the tone corrected in 
the correcting step using any of the droplets of a siZe corre 
sponding to the corrected tone. 

Third Aspect 
According to a printing method of a third aspect, in the 

second aspect, the step of de?ning is further included to 
de?ne an upper or loWer limit in the tone curve for the cor 
rected tone, or de?ne a distance betWeen any adjacent pixels 
after the tone correction in accordance With a possible print 
ing problem to be caused by printing of the image, details of 
the printing, or surroundings of a printing device. 

Fourth Aspect 
A fourth aspect of the invention is directed to, for the aim of 

solving the above-described previous problems, a printing 
device, including a printing section that prints an image of a 
plurality of pixels by discharging a plurality of siZe-varying 
ink droplets each corresponding to each of M tones (M23) 
represented by each of the pixels. 

Fifth Aspect 
According to a printing device of a ?fth aspect, in the fourth 

aspect, a correction section is further included to correct any 
of the tones in accordance With a tone curve that serves as a 

criterion for a tone correction, and de?nes a tone relationship 
in terms of before and after the tone correction. The printing 
section prints the image With the tone corrected in the correc 
tion section using any of the droplets of a siZe corresponding 
to the corrected tone. 

Sixth Aspect 
According to a printing device of a sixth aspect, in the ?fth 

aspect, a de?nition section is further included to de?ne an 
upper or loWer limit in the tone curve for the corrected tone, 
or a distance betWeen any adjacent pixels after the tone cor 
rection in accordance With a possible printing problem to be 
caused by printing of the image, details of the printing, or 
surroundings of the printing device. 
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Seventh Aspect 
A seventh aspect of the invention is directed to, for the aim 

of solving the above-described previous problems, a printing 
program that includes the step of: printing by making a print 
ing section print an image of a plurality of pixels by discharg 
ing a plurality of siZe-varying ink droplets each correspond 
ing to each of M tones (M23) represented by each of the 
pixels. 

Eighth Aspect 
According to a printing program of an eighth aspect, in the 

seventh aspect, the step of correcting is further included to 
make a correction section correct any of the tones in accor 
dance With a tone curve that serves as a criterion for a tone 

correction, and de?nes a tone relationship in terms of before 
and after the tone correction. In the printing step, the printing 
section is made to print the image With the tone corrected in 
the correcting step using any of the droplets of a siZe corre 
sponding to the corrected tone. 

Ninth Aspect 
According to a printing program of a ninth aspect, in the 

eighth aspect, the step of de?ning is further included to de?ne 
an upper or loWer limit in the tone curve for the corrected tone, 
or a distance betWeen any adjacent pixels after the tone cor 
rection in accordance With a possible printing problem to be 
caused by printing of the image, details of the printing, or 
surroundings of a printing device. 

Tenth Aspect 
A tenth aspect of the invention is directed to a computer 

readable recording medium recorded With the printing pro 
gram of any one of the seventh to ninth aspects. 

Eleventh Aspect 
An eleventh aspect of the invention is directed to, for the 

aim of solving the above-described previous problems, a 
printing device that includes: a printing head including a 
printed element that is capable of forming a plurality types of 
dots each corresponding to each of M tones (M23) repre 
sented by each pixel of an image; an image data acquisition 
unit that acquires image data of pixel values each representing 
each of the tones of the pixels of the image; a dot type 
selection unit that selects from the type-varying dots, for each 
of the pixel values of the acquired image data, a dot type 
corresponding to each of the tones represented by the pixel 
values; a printing data generation unit that generates, based 
on the selection result derived for each of the pixel values, 
printing data in Which each of the pixel values is de?ned by 
the dot type; and a printing unit that prints, based on the 
printing data, the image of the image data using the printing 
head. 

Such a con?guration enables the image data acquisition 
unit to acquire image data of pixel values each representing 
each of the tones of the pixels of an image, and the dot type 
selection unit to select from the type-varying dots, for each of 
the pixel values of the acquired image data, a dot type corre 
sponding to each of the tones represented by the pixel values. 
The con?guration also enables the printing data generation 
unit to generate, based on the selection result derived for each 
of the pixel values, printing data in Which each of the pixel 
values is de?ned by the dot type, and the printing unit to print, 
based on the printing data, the image of the image data using 
the printing head. 

This thus enables to generate printing data de?ning each of 
the pixel values by dot type. For such de?nition, used is the 
selection result derived only by selecting a dot type for each 
of the pixel values of the image data from a plurality types of 
dots each corresponding to each of the M tones (M23). The 
resulting printing data enables to print images of the image 
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4 
data so that any multi-tone images (M tones (M23)) can be 
printed Without requiring so much time for complex image 
processing tasks. 
The dot type here includes a type of dots being of the same 

printing densities but of different siZes, a type of dots being of 
the same siZes but of different printing densities, a type of dots 
being of different printing densities and different siZes, and 
others. Note here that “no dot (forming no dot)” may be 
included as a dot type. In the folloWing, this is applicable to 
aspects of “printing device control program”, “printing 
device control method”, “printing data generation device”, 
“printing data generation program”, and “printing data gen 
eration method”, descriptions in the “description of exem 
plary embodiments”, and others. 

If not With “no dot”, the “dot” is not Zero in area, is of a 
predetermined siZe (area), and is of various siZes and printing 
densities. The formed dot is not necessarily be a perfect circle 
in shape, and may take any other shape such as an ellipse. If 
the resulting dots are not perfect circle but ellipse, for 
example, their dot diameter may be their average value. Alter 
natively, an equivalent dot is estimated for a perfect circle 
having the same area as a dot formed by a certain amount of 

ink, and the diameter of the estimated equivalent dot may be 
dealt as the dot diameter. To form dots varying in density, 
various techniques are applicable, e.g., forming dots of the 
same siZes but of different densities, forming dots of the same 
densities but of different siZes, forming dots of different den 
sities by changing the discharge amount and frequency of ink 
of the same densities, or others. If an ink droplet discharged 
from one speci?c noZZle is broken up before reaching the 
printing medium, the resulting dots are dealt as one dot. If tWo 
or more dots are merged together after being discharged from 
any tWo noZZles or from one speci?c noZZle after a time lag, 
the resulting dots are dealt as tWo dots. In the folloWing, this 
is applicable to aspects of “printing device control program”, 
“printing device control method”, “printing data generation 
device”, “printing data generation program”, and “printing 
data generation method”, descriptions in the “description of 
exemplary embodiments”, and others. 
The “image data acquisition unit” acquires image data that 

is provided from a unit for reading optical printing results 
exempli?ed by a scanner unit or others, a digital camera, a 
VCR camera, or others. Such image acquisition is made also 
from any external device over a netWork such as LAN or 

WAN passively or actively, or from recording media such as 
CD-ROMs or DVD-ROMs via drives of its oWn printing 
device, e.g., CD drives or DVD drives, or from a storage 
device of its oWn printing device, for example. That is, the 
image acquisition at least includes data input, acquisition, 
reception, and reading. In the folloWing, this is applicable to 
aspects of “printing device control program”, “printing 
device control method”, “printing data generation device”, 
“printing data generation program”, and “printing data gen 
eration method”, descriptions in the “description of exem 
plary embodiments”, and others. 

The expression of “each of the pixel values is de?ned by the 
dot type” means to con?gure “information about the dot type 
assigned to each of the pixel values” using the “printing 
device”-interpretable “data format”. In the folloWing, this is 
applicable to aspects of “printing device control program”, 
“printing device control method”, “printing data generation 
device”, “printing data generation program”, and “printing 
data generation method”, descriptions in the “description of 
exemplary embodiments”, and others. 
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Twelfth Aspect 
According to a printing device of a twelfth aspect, in the 

eleventh aspect, the type-varying dots are of different siZes 
corresponding to each of the M tones. 

Such a con?guration enables the printing head to represent 
each of the M tones in various ink colors With dots of various 
siZes (various ink amounts of droplet). For generation of 
printing data, the dot type selection unit is only required to 
select a dot type for the siZe (ink amount of droplet) corre 
sponding to each of the pixel values of the image data. The 
resulting printing data derived from the selection result 
de?nes each of the pixel values by dot type, and enables to 
print images of the image data so that any multi-tone images 
(M tones (M§3)) can be printed Without requiring so much 
time for complex image processing tasks. 

Thirteenth Aspect 
According to a printing device of a thirteenth aspect, in the 

eleventh aspect, the type-varying dots are of the same siZes 
but of different printing densities corresponding to each of the 
M tones. 

Such a con?guration enables the printing head to represent 
each of the M tones in various ink colors With various types of 
dots of the same siZes but of different printing densities. For 
generation of printing data, the dot type selection unit is only 
required to select a dot type for the printing density corre 
sponding to each of the pixel values of the image data. The 
resulting printing data derived from the selection result 
de?nes each of the pixel values by dot type, and enables to 
print images of the image data so that any multi-tone images 
(M tones (M§3)) can be printed Without requiring so much 
time for complex image processing tasks. 

Fourteenth Aspect 
According to a printing device of a fourteenth aspect, in 

any one of the eleventh to thirteenth aspects, the dot type 
selection unit selects, for any of the pixel values of a prede 
termined value, any of the dot types corresponding to any of 
the tones different from the tone represented by the pixel 
value. 
When the printing head is capable of forming a plurality 

types of dots for each of 256 tones (M:256), for example, 
such a con?guration enables dot type selection not only cor 
responding to one speci?c tone range but to other tone range. 
For example, for pixel values of tones 72 to 127, the dot types 
are not selected for the tone range but to a tone range of tones 
1 to 65, or for pixel values of tones 72 to 127, the dot types are 
not selected for the tone range but to a tone range of the tones 
129 to 184. 

Such dot type selection can change a tone curve shoWing 
the relationship betWeen the tone values and the dot types. 
This serves effective When images of any acquired image data 
are loW in contrast and look blurred. With this being the case, 
the contrast of the images is improved so that the images can 
be made visually enhanced. As such, the printing quality can 
be effectively increased. 

Fifteenth Aspect 
According to a printing device of a ?fteenth aspect, in any 

one of the eleventh to fourteenth aspects, a characteristics 
information extraction unit is further included to extract char 
acteristics information from the acquired image data. Based 
on the extracted characteristics information, the dot type 
selection unit selects, for any of the pixel values of the 
acquired image data shoWing predetermined details of the 
characteristic information, any of the dot types corresponding 
to any of the tones different from the tone of the pixel value. 

Such a con?guration enables the characteristics informa 
tion extraction unit to extract characteristics information 
from the image data acquired by the image data acquisition 
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6 
unit. This con?guration also enables the dot type selection 
unit to select, based on the extracted characteristics informa 
tion, for any of the pixel values of the acquired image data 
shoWing predetermined details of the characteristic informa 
tion, any of the dot types corresponding to any of the tones 
different from the tone of the pixel value. 

By deriving information about images, e.g., image type or 
image frequency, from characteristics information of an 
image, the dot type selection can be appropriately made, 
thereby effectively increasing the printing quality. 

Sixteenth Aspect 
According to a printing device of a sixteenth aspect, in the 

?fteenth aspect, an image type determination unit is further 
included to determine an image type of the acquired image 
data based on the extracted characteristics information. Based 
on the determined image type, for any of the dot types corre 
sponding to each of the M tones, the dot type selection unit 
determines a tone range for use for a selection process. 

Such a con?guration enables the image type determination 
unit to determine an image type of the acquired image data 
based on the extracted characteristics information, and the dot 
type selection unit to determine a tone range for use for a 
selection process based on the determined image type for any 
of the dot types corresponding to each of the M tones. 

Accordingly, depending on the image type, the tone range 
can be changed for the type-varying dots each corresponding 
to each of the M tones. With an image type of photo image, for 
example, the tone range is changed to enable printing With 
relatively-small-siZed dots so that the resulting printed image 
Will have relatively better granularity. With an image type of 
text image, i.e., document image, for example, the tone range 
is changed to enable printing With relatively-large-siZed dots 
so that the resulting printed image Will have relatively loW 
granularity. As such, the tone range is so changed that any 
image type requiring high resolution is assigned With a dot 
type of increasing granularity, and any image type achieving 
loW-granularity-but-visually-enough image quality is 
assigned With a dot type of reducing granularity. This thus 
effectively eases to change a tone range for use for dot type 
selection, and increases the image quality. 

Seventeenth Aspect 
According to a printing device of a seventeenth aspect, in 

the ?fteenth aspects, a print element property information 
acquisition unit is further included to acquire print element 
property information representing properties of a print ele 
ment con?guring the printing head. Based on the acquired 
print element property information, for any of the dot types 
corresponding to each of the M tones, the dot type selection 
unit determines a tone range for use for a selection process. 

Such a con?guration enables the print element property 
information acquisition unit to acquire print element property 
information representing properties of a print element con 
?guring the printing head, and the dot type selection unit to 
determine a tone range foruse for a selection process based on 
the acquired print element property information for any of the 
dot types corresponding to each of the M tones. 

Considered noW is a case Where a print element con?guring 
an inkj et-type printing head causes an ink clogging problem 
in Winter time, for example, and the ink amount from the print 
element is thus decreased than usual. With this being the case, 
the tone range may be so determined as to select relatively 
larger-siZed dots than those indicated by the relationship 
betWeen the tones and the pixel values. With such tone range 
change, even if the properties of the print element are changed 
due to surroundings change, e.g., temperature or humidity 
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change because of seasonal factors, deterioration With time, 
or others, printing can be performed With any appropriate dot 
type 

Herein, the “print element property information acquisi 
tion unit” is con?gured by a unit for reading optical printing 
results exempli?ed by a scanner unit or others, and is used to 
check the ink discharge amount or others of the print element 
using the printing result derived by the printing head. As an 
alternative con?guration, a CCD (charge-coupled device) 
sensor or others may check the ink discharge problem. Infor 
mation about the check result, i.e., print element property 
information, is stored together or overWritten With data at 
shipment, for example. In the folloWing, this is applicable to 
aspects of “printing device control program”, “printing 
device control method”, “printing data generation device”, 
“printing data generation program”, and “printing data gen 
eration method”, descriptions in the “description of exem 
plary embodiments”, and others. 

Eighteenth Aspect 
According to an eighteenth aspect, in any one of the four 

teenth to seventeenth aspects, When the pixel values are den 
sity values, for the pixel value of the predetermined value 
being smaller than a predetermined pixel value, the dot type 
selection unit selects any of the dot types corresponding to 
any of the tones represented by any of the pixel values smaller 
than the pixel value, and for the pixel value of the predeter 
mined value being larger than the predetermined pixel value, 
the dot type selection unit selects any of the dot types corre 
sponding to any of the tones represented by any of the pixel 
values larger than the pixel value. 
When the printing head is capable of forming a plurality 

types of dots for each of 256 tones (M:256), for example, 
such a con?guration enables dot type selection not only cor 
responding to one speci?c tone range but to other tone range. 
For example, for pixel values of tones 72 to 127 (loWer than a 
tone of 128), the dot types are not selected for the tone range 
but to a tone range of tones 1 to 65, or for pixel values of tones 
129 to 184 (higher than the tone of 128), the dot types are not 
selected for the tone range but to a tone range of the tones 194 
to 249. 

Accordingly, the tone curve shoWing the relationship 
betWeen the tone values and the dot types Will take an 
S-shape. This serves effective When images of any acquired 
image data are loW in contrast and look blurred. With this 
being the case, the contrast of the images is improved so that 
the images can be made visually enhanced, and When the dot 
type is of a dot siZe type, the granularity can be increased. As 
such, the printing quality can be effectively increased. 

Nineteenth Aspect 
According to a printing device of a nineteenth aspect, in 

any one of the fourteenth to seventeenth aspects, When the 
pixel values are density values, for the pixel value of the 
predetermined value being smaller than a predetermined 
pixel value, the dot type selection unit selects any of the dot 
types corresponding to any of the tones represented by any of 
the pixel values larger than the pixel value, and for the pixel 
value of the predetermined value being larger than the prede 
termined pixel value, the dot type selection unit selects any of 
the dot types corresponding to any of the tones represented by 
any of the pixel values smaller than the pixel value. 
When the printing head is capable of forming a plurality 

types of dots for each of 256 tones (M:256), for example, 
such a con?guration enables dot type selection not only cor 
responding to one speci?c tone range but to other tone range. 
For example, for pixel values of tones 1 to 65 (loWer than the 
tone of 128), the dot types are not selected for the tone range 
but to a tone range of tones 72 to 127, or for pixel values of 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
tones 194 to 249 (higher than the tone of 128), the dot types 
are not selected for the tone range but to a tone range of the 
tones 129 to 184. 

Accordingly, the tone curve shoWing the relationship 
betWeen the tone values and the dot types Will take an 
inverted-S shape. This serves Well to make the images of the 
acquired image visually enhanced so that the printing quality 
can be effectively increased. 

TWentieth Aspect 
According to a printing device of a tWentieth aspect, in any 

one of the fourteenth to seventeenth aspects, the characteris 
tics information includes frequency information, and When 
the pixel values are density values, for any of the pixel values 
With a frequency being a predetermined frequency or loWer in 
the characteristics information extracted from the acquired 
image data, When the pixel value of the predetermined value 
is smaller than a predetermined pixel value, the dot type 
selection unit selects any of the dot types corresponding to 
any of the tones represented by any of the pixel values smaller 
than the pixel value, and When the pixel value of the prede 
termined value is larger than the predetermined pixel value, 
the dot type selection unit selects any of the dot types corre 
sponding to any of the tones represented by any of the pixel 
values larger than the pixel value. 
When the printing head is capable of forming a plurality 

types of dots for each of 256 tones (M:256) for image data 
With relatively loW-frequency components, for example, such 
a con?guration enables dot type selection not only corre 
sponding to one speci?c tone range but to other tone range. 
For example, for pixel values of tones 72 to 127 (loWer than 
the tone of 128), the dot types are not selected for the tone 
range but to a tone range of tones 1 to 65, or for pixel values 
oftones 129 to 184 (higher than the tone of128), the dot types 
are not selected for the tone range but to a tone range of the 
tones 194 to 294. 

That is, an image including any loW-frequency component 
is highly likely to be a loW-contrast image so that it is easily 
distinguished. Moreover, a dot type selection can be made in 
such a manner that the tone curve shoWing the relationship 
betWeen the tone values and dot types forms an S-shape. The 
loW-contrast image can be thus increased in contrast and 
made visually enhanced, and When the dot type is of a dot siZe 
type, the granularity can be increased. As such, the printing 
quality can be effectively increased. 

Twenty-First Aspect 
A tWenty-?rst aspect of the invention is directed to, for the 

aim of solving the above-described previous problems, a 
printing device control program for use for controlling a 
printing device provided With a printing head including a 
printed element that is capable of forming a plurality types of 
dots each corresponding to each of M tones (M23) repre 
sented by each pixel of an image. The printing device control 
program includes the steps of: acquiring image data of pixel 
values each representing each of the tones of the pixels of the 
image; selecting from the type-varying dots, for any of the 
pixel values of the acquired image data, any of the dot types 
corresponding to the tone of the pixel value; generating, based 
on the selection result derived for each of the pixel values, 
printing data in Which each of the pixel values is de?ned by 
the dot type; and printing, based on the printing data, the 
image of the image data using the printing head. 

Such a con?guration leads to effects and advantages simi 
lar to the printing device of the eleventh aspect by a computer 
reading a program and executing processes in accordance 
With the program. 

Printing devices on the current market such as inkj et print 
ers are each provided With a computer system, Which is con 
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?gured to include a Central Processing Unit (CPU), a storage 
device (Random Access Memory (RAM), Read Only 
Memory (ROM)), an input/output device, or others. Using 
such a computer system, the processes can be implemented 
by softWare. The printing device control program thus can 
implement the processes more economically and With more 
ease than a case With hardWare that is speci?cally built for the 
purpose. 

Moreover, through partial reWriting of the program, it leads 
to easy version up by function modi?cation or improvement, 
for example. 

TWenty-Second Aspect 
According to a printing device control program of a 

tWenty-second aspect, in the tWenty-?rst aspect, the type 
varying dots are of different siZes corresponding to each of the 
M tones. 

Such a con?guration leads to effects and advantages simi 
lar to the printing device of the tWelfth aspect by a computer 
reading a program and executing processes in accordance 
With the program. 

Twenty-Third Aspect 
According to a printing device control program of a 

tWenty-third aspect, in the tWenty-?rst aspect, the type-vary 
ing dots are of the same siZes but of different printing densi 
ties corresponding to each of the M tones. 

Such a con?guration leads to effects and advantages simi 
lar to the printing device of the thirteenth aspect by a com 
puter reading a program and executing processes in accor 
dance With the program. 

Twenty-Fourth Aspect 
According to a printing device control program of a 

twenty-fourth aspect, in any one of the tWenty-?rst to tWenty 
third aspects, the dot type selecting step selects, for any of the 
pixel values of a predetermined value, any of the dot types 
corresponding to any of the tones different from the tone 
represented by the pixel value. 

Such a con?guration leads to effects and advantages simi 
lar to the printing device of the fourteenth aspect by a com 
puter reading a program and executing processes in accor 
dance With the program. 

Twenty-Fifth Aspect 
According to a printing device control program of a 

tWenty-?fth aspect, in any one of the tWenty-?rst to tWenty 
fourth aspects, a program is further included for a computer to 
go through a characteristics information extraction step of 
extracting characteristics information from the acquired 
image data. Based on the extracted characteristics informa 
tion, the dot type selecting step selects, for any of the pixel 
values of the acquired image data shoWing predetermined 
details of the characteristic information, any of the dot types 
corresponding to any of the tones different from the tone of 
the pixel value. 

Such a con?guration leads to effects and advantages simi 
lar to the printing device of the ?fteenth aspect by a computer 
reading a program and executing processes in accordance 
With the program. 

Twenty-Sixth Aspect 
According to a printing device control program of a 

tWenty-sixth aspect, in the tWenty-?fth aspect, a program is 
further included for a computer to go through an image type 
determining step of determining an image type of the 
acquired image data based on the extracted characteristics 
information. Based on the determined image type, for any of 
the dot types corresponding to each of the M tones, the dot 
type selecting step determines a tone range for use for a 
selection process. 
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10 
Such a con?guration leads to effects and advantages simi 

lar to the printing device of the sixteenth aspect by a computer 
reading a program and executing processes in accordance 
With the program. 

TWenty-Seventh Aspect 
According to a printing device control program of a 

tWenty-seventh aspect, in the tWenty-?fth aspect, a program is 
further included for a computer to go through a print element 
property information acquiring step that acquires print ele 
ment property information representing properties of a print 
element con?guring the printing head. Based on the acquired 
print element property information, for any of the dot types 
corresponding to each of the M tones, the dot type selecting 
step determines a tone range for use for a selection process. 

Such a con?guration leads to effects and advantages simi 
lar to the printing device of the seventeenth aspect by a com 
puter reading a program and executing processes in accor 
dance With the program. 

Twenty-Eighth Aspect 
According to a printing device control program of a 

tWenty-eighth aspect, in any one of the tWenty-fourth to 
tWenty-seventh aspects, When the pixel values are density 
values, for the pixel value of the predetermined value being 
smaller than a predetermined pixel value, the dot type select 
ing step selects any of the dot types corresponding to any of 
the tones represented by any of the pixel values smaller than 
the pixel value, and for the pixel value of the predetermined 
value being larger than the predetermined pixel value, the dot 
type selecting step selects any of the dot types corresponding 
to any of the tones represented by any of the pixel values 
larger than the pixel value. 

Such a con?guration leads to effects and advantages simi 
lar to the printing device of the eighteenth aspect by a com 
puter reading a program and executing processes in accor 
dance With the program. 

Twenty-Ninth Aspect 
According to a printing device control program of a 

tWenty-ninth aspect, in any one of the tWenty-four‘th to 
tWenty-seventh aspects, When the pixel values are density 
values, for the pixel value of the predetermined value being 
smaller than a predetermined pixel value, the dot type select 
ing step selects any of the dot types corresponding to any of 
the tones represented by any of the pixel values larger than the 
pixel value, and for the pixel value of the predetermined value 
being larger than the predetermined pixel value, the dot type 
selecting step selects any of the dot types corresponding to 
any of the tones represented by any of the pixel values smaller 
than the pixel value. 

Such a con?guration leads to effects and advantages simi 
lar to the printing device of the nineteenth aspect by a com 
puter reading a program and executing processes in accor 
dance With the program. 

Thirtieth Aspect 
According to a printing device control program of a thirti 

eth aspect, in any one of the tWenty-four‘th to tWenty-seventh 
aspects, the characteristics information includes frequency 
information, and When the pixel values are density values, for 
any of the pixel values With a frequency being a predeter 
mined frequency or loWer in the characteristics information 
extracted from the acquired image data, When the pixel value 
of the predetermined value is smaller than a predetermined 
pixel value, the dot type selecting step selects any of the dot 
types corresponding to any of the tones represented by any of 
the pixel values smaller than the pixel value, and When the 
pixel value of the predetermined value is larger than the 
predetermined pixel value, the dot type selecting step selects 
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any of the dot types corresponding to any of the tones repre 
sented by any of the pixel values larger than the pixel value. 

Such a con?guration leads to effects and advantages simi 
lar to the printing device of the tWentieth aspect by a computer 
reading a program and executing processes in accordance 
With the program. 

Thirty-First Aspect 
A thirty-?rst aspect of the invention is directed to, for the 

aim of solving the above-described previous problems, a 
printing device control method for use for controlling a print 
ing device provided With a printing head including a printed 
element that is capable of forming a plurality types of dots 
each corresponding to each of M tones (M23) represented by 
each pixel of an image. The printing device control method 
includes the steps of: acquiring image data of pixel values 
each representing each of the tones of the pixels of the image; 
selecting from the type-varying dots, for any of the pixel 
values of the acquired image data, any of the dot types corre 
sponding to the tone of the pixel value; generating, based on 
the selection result derived for each of the pixel values, print 
ing data in Which each of the pixel values is de?ned by the dot 
type; and printing, based on the printing data, the image of the 
image data using the printing head. 

This leads to the effects and advantages similar to the 
printing device of the eleventh aspect. 

Thirty-Second Aspect 
According to a printing device control method of a thirty 

second aspect, in the thirty-?rst aspect, the type-varying dots 
are of different siZes corresponding to each of the M tones. 

This leads to the effects and advantages similar to the 
printing device of the tWelfth aspect. 

Thirty-Third Aspect 
According to a printing device control method of a thirty 

third aspect, in the thirty-?rst aspect, the type-varying dots are 
of the same siZes but of different printing densities corre 
sponding to each of the M tones. 

This leads to the effects and advantages similar to the 
printing device of the thirteenth aspect. 

Thirty-Fourth Aspect 
According to a printing device control method of a thirty 

fourth aspect, in any one of the thirty-?rst to thirty-third 
aspects, the dot type selecting step selects, for any of the pixel 
values of a predetermined value, any of the dot types corre 
sponding to any of the tones different from the tone repre 
sented by the pixel value. 

This leads to the effects and advantages similar to the 
printing device of the fourteenth aspect. 

Thirty-Fifth Aspect 
According to a printing device control method of a thirty 

?fth aspect, in any one of the thirty-?rst to thirty-fourth 
aspects, a characteristics information extracting step is fur 
ther included to extract characteristics information from the 
acquired image data. Based on the extracted characteristics 
information, the dot type selecting step selects, for any of the 
pixel values of the acquired image data shoWing predeter 
mined details of the characteristic information, any of the dot 
types corresponding to any of the tones different from the 
tone of the pixel value. 

This leads to the effects and advantages similar to the 
printing device of the ?fteenth aspect. 

Thirty-Sixth Aspect 
According to a printing device control method of a thirty 

sixth aspect, in the thirty-?fth aspect, an image type deter 
mining step is further included to determine an image type of 
the acquired image data based on the extracted characteristics 
information. Based on the determined image type, for any of 
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12 
the dot types corresponding to each of the M tones, the dot 
type selecting step determines a tone range for use for a 
selection process. 

This leads to the effects and advantages similar to the 
printing device of the sixteenth aspect. 

Thirty-Seventh Aspect 
According to a printing device control method of a thirty 

seventh aspect, in the thirty-?fth aspect, a print element prop 
erty information acquiring step is further included to acquire 
print element property information representing properties of 
a print element con?guring the printing head. Based on the 
acquired print element property information, for any of the 
dot types corresponding to each of the M tones, the dot type 
selecting step determines a tone range for use for a selection 
process. 

This leads to the effects and advantages similar to the 
printing device of the seventeenth aspect. 

Thirty-Eighth Aspect 
According to a printing device control method of a thirty 

eighth aspect, in any one of the thirty-fourth to thirty-seventh 
aspects, When the pixel values are density values, for the pixel 
value of the predetermined value being smaller than a prede 
termined pixel value, the dot type selecting step selects any of 
the dot types corresponding to any of the tones represented by 
any of the pixel values smaller than the pixel value, and for the 
pixel value of the predetermined value being larger than the 
predetermined pixel value, the dot type selecting step selects 
any of the dot types corresponding to any of the tones repre 
sented by any of the pixel values larger than the pixel value. 

This leads to the effects and advantages similar to the 
printing device of the eighteenth aspect. 

Thirty-Ninth Aspect 
According to a printing device control method of a thirty 

ninth aspect, in any one of the thirty-fourth to thirty-seventh 
aspects, When the pixel values are density values, for the pixel 
value of the predetermined value being smaller than a prede 
termined pixel value, the dot type selecting step selects any of 
the dot types corresponding to any of the tones represented by 
any of the pixel values larger than the pixel value, and for the 
pixel value of the predetermined value being larger than the 
predetermined pixel value, the dot type selecting step selects 
any of the dot types corresponding to any of the tones repre 
sented by any of the pixel values smaller than the pixel value. 

This leads to the effects and advantages similar to the 
printing device of the nineteenth aspect. 

Fortieth Aspect 
According to a printing device control method of a fortieth 

aspect, in any one of the thirty-fourth to thirty-seventh 
aspects, the characteristics information includes frequency 
information, and When the pixel values are density values, for 
any of the pixel values With a frequency being a predeter 
mined frequency or loWer in the characteristics information 
extracted from the acquired image data, When the pixel value 
of the predetermined value is smaller than a predetermined 
pixel value, the dot type selecting step selects any of the dot 
types corresponding to any of the tones represented by any of 
the pixel values smaller than the pixel value, and When the 
pixel value of the predetermined value is larger than the 
predetermined pixel value, the dot type selecting step selects 
any of the dot types corresponding to any of the tones repre 
sented by any of the pixel values larger than the pixel value. 

This leads to the effects and advantages similar to the 
printing device of the tWentieth aspect. 

Forty-First Aspect 
A forty-?rst aspect of the invention is directed to, for the 

aim of solving the above-described previous problems, a 
printing data generation device that generates printing data 


























